The effect of T-2 toxin on the growth rates of different bacteria was used as a measure of its toxicity. Toxin levels of 10 ,ug/ml did not decrease the growth rate of Selenomonas ruminantium and Anaerovibrio lipolytica, whereas the growth rate of Butyrivibrio fibrisolvens was uninhibited at toxin levels as high as 1 mg/ml. There was, however, a noticeable increase in the growth rate of B. fibrisolvens CE46 and CE51 and S. ruminantium in the presence of low concentrations (10 ,ug/ml) of T-2 toxin, which may indicate the assimilation of the toxin as an energy source by these bacteria. Three tributyrin-hydrolyzing bacterial isolates did not grow at all in the presence of T-2 toxin (10 ,ig/ml). The growth rate of a fourth tributyrin-hydrolyzing bacterial isolate was unaffected. B. fibrisolvens CE51 degraded T-2 toxin to HT-2 toxin (22%), T-2 triol (3%), and neosolaniol (10%), whereas A. lipolytica and S. ruminantium degraded the toxin to HT-2 toxin (22 and 18%, respectively) and T-2 triol (7 and 10%, respectively) only. These results have been explained in terms of the presence of two different toxin-hydrolyzing enzyme systems. Studies with B. fibrisolvens showed the presence of a T-2 toxin-degrading enzyme fraction in a bacterial membrane preparation. This fraction had an approximate molecular weight of 65,000 and showed esterase activity (395.6 I,mol of p-nitrophenol formed per min per mg of protein with p-nitrophenylacetate as the substrate).
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The trichothecenes are a chemically related group of biologically active metabolites of which T-2 toxin is an important member (16) . The importance of these mycotoxins cannot be overemphasized, especially in many parts of the world where a large proportion of the diet of an animal is composed of products that are naturally infected with fusaria and related fungal species capable of trichothecene production.
T-2 toxin reportedly causes a toxicosis usually associated with hemorrhaging and was first reported by Hsu et al. (9) , who demonstrated that toxin levels of 2 mg/kg of mouldy corn were associated with death in 20% of a dairy herd. However, ruminants are generally less susceptible to trichothecene toxicoses than are monogastric animals (13) . In an attempt to elucidate the role of ruminal fermentation in toxin degradation, experiments were conducted on sheep fistulated in the lower part of the abomasum, through which a culture of Fusarium sporotrichioides was introduced. The treatment caused acute toxicosis within 30 min, whereas an animal fed the same diet per os for a period of 6 days remained clinically healthy (13) . It was concluded that the relative resistance of ruminants to toxic compounds of Fusarium spp. results from the complex ruminal digestion process. Other studies have also shown that T-2 toxin and a number of other mycotoxins considered to be toxic to domestic ruminants were metabolized to less toxic products by microorganisms in whole rumen fluid in vitro (11) . Ochratoxin A was degraded to ochratoxin a and phenylalanine in bovine ruminal fluid (10) . Deoxynivalenol was degraded to a de-epoxidation product (12), whereas HT-2 toxin was identified as a breakdown product of T-2 toxin after incubation in ovine ruminal fluid (11) .
Since the detoxification of T-2 toxin involved deacetylation, experiments were conducted with pure cultures of ruminal bacteria known to have esterase activity. The effect of T-2 toxin on growth rate was monitored, in addition to the formation of T-2 toxin breakdown products. A Optical density data were entered onto a minicomputer (Olivetti P6060), and a linear regression program was used to calculate growth rates and correlation coefficients.
Preparation of bacterial suspensions for use in enzyme studies. Twenty liters of sterile anaerobic medium 10 plus NaHCO3 (9.1%, wt/vol) was prepared. The complete medium was then gassed with an anaerobic gas mixture at a pressure of approximately 3.4 kPa for a minimum of 12 h.
Bacterial inoculum (200 ml) was prepared and added to the vessel containing 20 liters of medium via the transfer line by using an anaerobic gas mixture to create a positive pressure. The medium was incubated at 39°C. Samples were taken at regular time intervals until an optical density of 0.8 to 1.0 had been attained (12 to 24 h). The medium-dispensing line was then connected to the inlet line of a zonal rotor of a centrifuge (model RC-2; Ivan Sorvall, Inc., Norwalk, Conn.), and the medium was centrifuged (27,500 x g; 4°C; flow rate, ca. 1.5 liters/h). After centrifugation, the rotor tubes were transferred to an anaerobic cabinet, and the pelleted bacteria were washed into a 400-ml screw-cap bottle with an anaerobic diluent (3). The bottle was tightly sealed, and the bacteria were stored at -10°C for further use.
Cell fractionation and enzyme studies. Although B.
fibrisolvens is classified as a gram-negative bacterium, the cell wall ultrastructure is more typical of gram-positive bacteria (2, 6) . Membrane and cytosol fractions of this bacterium were prepared as detailed in Fig. 1 (Table 1 ). There was a tendency for lag times to increase in the presence of T-2 toxin, but subsequent experiments did not confirm this trend. Four unidentified tributyrin-hydrolyzing bacterial isolates were isolated from the rumen and tested for susceptibility to T-2 toxins. Three of these isolates were completely inhibited by the presence of T-2 toxin (10 ,ug/ml), whereas the fourth isolate (KTB16) was not affected ( Table 1 ). The tributyrinhydrolyzing isolate KTB16 was morphologically similar to the other B. fibrisolvens strains.
B. fibrisolvens CE51 was selected for further study to determine the effect of T-2 toxin concentration on growth rate and lag time. Even at toxin concentrations as high as 1 mg/ml, there was no significant effect on growth rate or lag time (Table 2) . Although the stimulation of growth rates in the presence of T-2 toxin, as reported in Table 1 , was not confirmed in this experiment, this can probably be ascribed to differences in inocula and media.
Degradation of T-2 toxin and the formation of toxic breakdown products by pure cultures of ruminal bacteria. All strains of B. fibrisolvens, grown with glucose as the energy source, were able to degrade T-2 toxin to HT-2 toxin, T-2 triol, and neosolaniol, except for strain CE52, which degraded T-2 toxin to HT-2 toxin and T-2 triol only (Table 3 ). S. ruminantium and A. lipolytica degraded T-2 toxin to HT-2 toxin and T-2 triol when grown on glucose. B. fibrisolvens CE56 was the most efficient strain at deacetylating T-2 toxin to breakdown products, with only 28% of the added T-2 toxin left at the end of incubation (Table 3 ). When B. fibrisolvens was grown on cellobiose, the percentage of degradation of T-2 toxin was generally lower, especially for strain CE56. Furthermore, strains CE46 and CE52 both degraded T-2 toxin to HT-2 toxin and T-2 triol only. Notably, rates were also lower with cellobiose as the energy source.
The effects of different concentrations of T-2 toxin on its breakdown by B. fibrisolvens CE51 are presented in Table 4 . T-2 toxin added at concentrations of 100, 500, and 1,000 jig/ml was degraded to a similar extent as is reported in Table 3 , even at the highest concentration. Breakdown products formed from T-2 toxin were HT-2 toxin, T-2 triol, and neosolaniol.
Isolation of esterase enzyme from B. fibrisolvens capable of deacetylating T-2 toxin. Esterase activity was present in both cytosol and membrane fractions prepared from B. fibrisolvens CE51. However, there was a significant increase in esterase activity (169.6 jimol of p-nitrophenol formed per min per mg of protein) after treatment with 0.25% (wt/vol) Triton X-100 (Table 5 ). This membrane fraction was further purified by precipitation with ammonium sulfate. The highest esterase activity (395.6 jimol ofp-nitrophenol formed per min per mg of protein) was present in the 50 to 60% fraction (Table 5 ). Gel filtration of this fraction on Sephadex G-150 yielded several peaks. Each of the eluted protein peaks was assayed for esterase activity, and a single peak (protein peak 1) showing the greatest amount of esterase activity was isolated. This peak was shown to have an approximate molecular weight of 65,000. After incubation of this peak with T-2 toxin (10 jig/ml), HT-2 and T-2 triol were identified as breakdown products in the incubation mixture (Fig. 2) . After a 1-h incubation, 42% of the added T-2 toxin had been degraded, giving a T-2 toxin degradation rate of 4.2 ,ug/h per jig of protein by the purified esterase preparation.
DISCUSSION Previous work has shown that the trichothecenes generally have little effect on bacteria. In their studies, Bamburg and Strong (1) showed that T-2 toxin exhibited no growth inhibition of Escherichia coli, Staphylococcus aureus, or Bacillus subtilis at concentrations below 1 mg/ml. Other workers (18) showed that the trichothecene trichodermin binds to ribosomes, particularly to the 60S subunits of eucaryotic cells. The binding of trichodermin was inhibited by the presence of other trichothecenes. Therefore, the specific binding capacity of trichothecenes to eucaryotic ribosomes may provide an explanation for the lack of T-2 toxicity, as observed in this study (Tables 1, 3 , and 5).
In the present study, correlation coefficients obtained in growth rate experiments indicate that linear growth on bacteria occurred in nearly all cases, with good agreement between experimental replications. Except for three strains of tributyrin-hydrolyzing bacteria, T-2 toxin (10 jig/ml) had no toxic effect on the growth rate of the bacteria tested (Table 1) , and B. fibrisolvens CE51 was not inhibited ( Table  2) .
The increase in the growth rate of B. fibrisolvens CE46 and CE51 and S. ruminantium may indicate that T-2 toxin is being utilized by these bacteria as an additional energy source. Previous studies (17) have shown that T-2 toxin, diacetoxyscirpenol, neosolaniol, nivalenol, and fusarenone- X were assimilated by the soil bacterium Curtobacterium sp. strain 114-2. T-2 toxin was first deacetylated to HT-2 toxin, with further deacetylation to produce T-2 triol. Thus, although sufficient carbon source was present as glucose (1%, wt/vol), it is possible that a mechanism similar to that operating in Curtobacterium sp. strain 114-2 was responsible for the degradation of T-2 toxin, as shown in Tables 3 and 4 . Because KTB9, KTB10, and KTB13 were isolated on a medium containing tributyrin as the sole energy source, these bacteria must possess esterase enzyme activity. Therefore, the fact that the growth of these bacteria was inhibited by T-2 toxin, whereas others were not inhibited, indicates that either some degree of enzyme specificity is required for breakdown of T-2 toxin or the mechanism and site of action of T-2 toxin are different in these bacteria.
The degradation of T-2 toxin by B. fibrisolvens suggests the presence of at least two different enzymes differing in their specificity for the side-chain groups on the toxin molecule. Enzymic hydrolysis at C-3 and subsequently at C-4 would lead to the production of HT-2 toxin and T-2 triol, whereas a single hydrolytic cleavage at C-8 would lead to the production of neosolaniol (Fig. 3) . The only previous report that we found of neosolaniol production from T-2 toxin by microorganisms was that of actinomycete fungi (19) .
S. ruminantium and A. lipolytica hydrolyzed T-2 toxin to HT-2 toxin and T-2 triol only, which may indicate a difference in enzyme complement between these bacteria and B. fibrisolvens. No de-epoxidation transformation products were measured in these studies because of the lack of suitable standards.
The degradation of T-2 toxin by a series of deacetylation reactions suggests the involvement of a nonspecific esteraselike enzyme or a number of specific esteraselike enzymes, because, in all experiments, the percent recovery data indicate that there was little or no T-2 toxin degradation by nonenzymatic hydrolysis. For each of the bacteria B. fibrisolvens, A. lipolytica, and S. ruminantium, the esterase activity in whole homogenates was found to be 473.8, 239.6, and 135.7 ,umol of p-nitrophenol formed per min per mg of protein, respectively. Further enzyme studies were conducted with B. fibrisolvens CE51, because this bacterium was shown to be capable of T-2 toxin degradation. The growth rate of this bacterium noticeably increased in the presence of T-2 toxin, and it was shown to have the highest esterase activity. In these investigations, only those fractions showing the highest esterase activity were selected for further purification work. The esterase activities found in the various fractions (Table 5) show that the highest activity was found in the membrane fraction after treatment with Triton X-100. The significant increase in esterase activity in the presence of Triton X-100 suggests that the enzyme is closely membrane associated.
Upon incubation with T-2 toxin, the protein peak isolated after column chromatography hydrolyzed T-2 toxin to HT-2 toxin (26%) and to T-2 triol (13%) after a 1-h incubation (Fig.  2) . No degradation was shown in the control experiment. Thus, it is likely that the protein peak isolated is responsible for at least some of the T-2 toxin-degrading ability of B. fibrisolvens CE51. Because neosolaniol was not produced, further evidence is presented for the existence of a second T-2 toxin-degrading enzyme and, therefore, a certain degree of enzyme-substrate specificity.
The presence of an esterase in B. fibrisolvens capable of hydrolyzing aromatic esters has been previously reported (14) . Thus, it is possible that such an enzyme, which normally facilitates the utilization of energy sources within the rumen, also degrades T-2 toxin.
The presence of a T-2 toxin-degrading protein fraction from B. fibrisolvens reinforces previous observations of Kiessling et al. (11) that whole rumen fluid can deacetylate T-2 toxin and may therefore provide a detoxification mechanism for the host animal. Although T-2 triol and neosolaniol were not detected in the studies of Kiessling et al. (11) , the possible dilution of T-2 toxin-hydrolyzing activity by other microorganisms incapable of such reactions may have resulted in levels of these two toxins below the detection limit.
